Abstract: A green and efficient multicomponent one-pot synthesis of Hantzsch polyhydroquinoline was achieved by the condensation of aldehydes, dimedone, ethyl acetoacetate and ammonium acetate at room temperature under solvent-free conditions by using magnetic hybrid iron oxide as a recyclable nanocatalyst. Compared to the classical reactions, this method consistently has the advantages of short reaction times, little catalyst loading, high yields, easy magnetic separation and reusability of the catalyst.
Introduction
Multicomponent reactions (MCRs) are one-pot processes in which three or more accessible components react to form a single product that incorporates essentially most or all atoms of the reactants used [1] . One-pot multicomponent strategies grant remarkable advantages over usual bimolecular reactions owing to their convergence, atom-economy, operational simplicity, structural diversity and shortness of the synthetic pathway [2] . MCRs have recently gained a new dimension in the field of designing methods to produce elaborate libraries of biologically active compounds.
The 1,4-dihydropyridine (1,4-DHP) core is found in a range of compounds exhibiting abroad spectrum of biological activities [3] [4] . Some of the representative compounds of this class possess antimicrobial, anti tubercular, insecticidal, and neuroprotectant activities. In particular 4-aryl-1, 4-DHPs are well known as calcium-channel blockers and have emerged as one of the most important classes of drug for the treatment of cardiovascular diseases.
Recently, 1,4-DHPs have been used as organ catalysts for asymmetric reactions such as hydrogenation of quinolones in the synthesis of alkaloids asymmetric reductive amination of aldehydes and hydrogenation of α,β-unsaturated aldehydes and ketones. Polyhydroquinolines (PHQs) are a class of fused 1, 4-DHPs that have received less attention than other fused 1,4-DHPs, and comparatively few methods for their preparation have been reported. (PHQs) are generally synthesized by an unsymmetrical Hantzsch reaction which involves the one-pot, four-component condenseition of dimedone, aldehyde, ethylacetoacetate and ammonium acetate.
At the present time, simple separation and recycling of the catalysts are fundamental steps in catalytic technology and frequently affect the overall process economy. A possible method is immobilizing catalytically active species in the surface of magnetic nanoparticles which can be separated and recovered from the reaction system by applying an appropriate magnetic field.
In general, in order to prevent direct contact between magnetite nanoparticles and also provide a chemically inert surface for modification of magnetite nanoparticles, coating of the surface with silica shell is necessary. Silica surface can be easily functionalized with various organic groups for desired purposes such as applications as adsorbent, catalysis support, and enzyme immobilization.Therefore, several alternate and more efficient methods have been developed for the synthesis of dihydropyridine and poly hydroquinone derivatives such as using conventional heating [5] , FeF 3 [6] , and Yb(OTF) 3 [7] [8] .
In this work, a magnetic dichromate hybrid with triphenylphosphine surface modified iron oxide nanoparticles Fe 3 O 4 @SiO 2 @PPh 3 @[Cr 2 O 7 ] (FSPC) [8] as a recoverable and efficient nanocomposite catalyst is prepared and applied for the synthesis of polyhydroquinolines under solvent-free conditions at room temperature. This research can be classified as a green approach for efficient and rapid synthesis of biologically active substituted polyhydroquinoline derivatives by using a recyclable nanocatalyst under mild reaction conditions. Polyhydroquinoline derivatives 5 are synthesised via a multicomponent reaction starting from various aldehydes 1, dimedone 2, etylaceto acetate 3 and ammonium acetate 4 (Scheme 1). Scheme 1. Synthesis of polyhydroquinolines. 
Results and Discussion
The dichromate magnetic nanoparticles were investigated as a catalyst in the synthesis of polyhydroquinoline derivatives. Condensation of benzaldehyde derivatives, dimedone, ethylacetoacetate, and ammonium acetate in the presence of FSPC under solvent-free conditions at room temperature was performed and afforded products in 80-95% yield. Such reactions occur with a wide range of aromatic aldehydes carrying either electron-donating or electron withdrawing substituent in the ortho, meta, and para positions ( Table 1) .
All product were characterized by their FT-IR spectral data and a comparison of their melting point with those of authentic samples. To investigate the effects of solvent, the condensation reaction of 4-cholorobenzaldehyde, dimedone, ethylacetoacetate, and ammonium acetate in H 2 O, CH 3 CN and solvent-free system at room temperature using 0.01 g FSPC as the catalyst was carried out. About 40, 45 and 95% of the expected product 5c (Table 1) was obtained in H 2 O, CH 3 CN, and under solvent-free conditions, respectively (Table 2) . Obviously, the solvent-free system was much better than polar solvents; because they were performed in short reaction times in excellent yields. The model reaction was carried out without any catalyst, but the product formation was trace. Therefore, the catalyst plays an important role in the reaction in terms of rate and yields of Hantzsch polyhydroquinoline derivatives. A comparison of the efficiency and catalytic activity of the dichromate magnetic nanocatalyst with several previous methods is presented in Table 3 . The results indicate that this method is better than other existing methods because it has shorter reaction times, high yields, and easy workup. 
Experimental Section

Materials and methods
All chemicals were purchased from Merck, Fluka and Sigma-Aldrich companies and were used without further purification. All reactions and the purity of polyhydroquinoline derivatives were monitored by thin-layer chromatography (TLC) using aluminum plates coated with silica gel F254 plates (Merck) using ethyl acetate and n-hexane as eluents. The spots were detected either under UV light or by placing in an iodine chamber. Melting points were determined in open capillaries using an Electro thermal 9100 instrument. Fourier transform infrared (FT-IR) spectra were recorded using Perkine-Elmer Spectrum RXI FT-IR spectrometer; using pellets of the nanomaterials diluted with KBr.
Synthesis of Hantzsch polyhydroquinoline derivatives
To a mixture of aromatic aldehyde (1 mmol ), dimedone (1 mmol), ethyl acetoacetate (1 mmol), and ammonium acetate (1.5 mmol) in a 10 ml round bottom flask 0.01 g of FSPC was added. The mixture was homogenized and stirred at room temperature for 15-30 min, the progress of the reaction was monitored by thin layered chromatography (TLC) (Eluent:EtOAc:n-hexane). After completion of the reaction, 5 ml ethyl acetate was added and the catalyst was removed from the solution using a magnet. Then the crude products were recrystallized in ethyl acetate-n-hexane. The products were characterized by FT-IR and melting point. The yields of pure products were 85-95%. Then recycled catalyst was used for subsequent runs (five times) under the same conditions without significant loss of its catalytic activity.
Spectral data for the synthesis of polyhydroquinoline derivatives
Ethyl 4-(4-chlorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate ( 
Conclusions
We have reported that four-component Hantzsch condensation reaction that can effectively be performed with a magnetic dichromate hybrid with triphenylphosphine surface modified iron oxide nanoparticles for production of polyhydroquinoline derivatives. The advantages of this method are its facile conditions, easy isolation of the products with excellent purity, and without using of column chromatography. It is a green system for the synthesis of polyhydroquinoline without any solvent, little catalyst loading, high yield, environmentally benign, and waste-free chemical process.
